The best method to diagnose Helicobacter pylori infection in different clinical situations is controversial. The aim of the study was to assess the performance of a commercial immunoblot, Helicoblot 2.1. The study comprised 215 patients, who were grouped according to the presence of H. pylori infection (assessed by two gastroscopies including histology with a median interval of 7.1 years, enzyme immunoassay [EIA]-based serology, and history of previous H. pylori infections and eradication therapies) into four categories: no H. pylori infection ever, previous infection, ongoing infection, and EIA seropositivity as the only marker of a possible previous infection. The sensitivity of Helicoblot 2.1 to show an ongoing or previous H. pylori infection was 100% and 92%, respectively. Helicoblot 2.1 was negative in only 80% of individuals with no evidence of present or previous infection but in 96% of patients 50 years of age or younger. The current infection marker of the immunoblot was positive in 49% of patients with successful H. pylori eradication therapy. After successful eradication therapy, Helicoblot 2.1 sustained positive results in 87% of patients, and CagA positivity was detected in 87% of patients with follow-up samples for more than 10 years after therapy. Helicoblot 2.1 is a sensitive and, among patients of ages 50 years or younger, a specific test in the primary diagnosis of H. pylori infection. However, it does not discriminate between past and current infections. It can be used in epidemiological studies assessing the role of H. pylori in different late sequelae.
Helicobacter pylori infection is clearly associated with peptic ulcer disease, gastric cancer, and gastric mucosa-associated lymphoid tissue lymphoma (17) . None of the available diagnostic methods for H. pylori infection are ideal (23) . The invasive methods, such as rapid urease test, histology, and culture, have high specificity but low sensitivity in the presence of atrophic gastritis and during proton pump inhibitor (PPI) therapy (22) . The same is true for the noninvasive urea breath and stool antigen tests. Serology is recommended to be used in atrophic gastritis and during PPI therapy, but a single serum sample does not usually differentiate the past and ongoing infections. Even 30% of patients had elevated antibodies of the immunoglobulin G (IgG) class still after 5 years of successful eradication therapy (43) .
The true impact of H. pylori on gastric cancer incidence is not really known (21, 31) . Patients with advanced atrophic gastritis have the highest cancer risk (39) , but the best method for diagnosing a past H. pylori infection in gastric atrophy is debatable. CagA antibodies are thought to best reflect the past infections and were shown to sustain for longer than other H. pylori antibodies in a follow-up of 32 months (40) . However, the specificity of CagA antibodies has been challenged (38) . Furthermore, the role of H. pylori in a severe autoimmune type of gastric atrophy also remains unresolved (1) .
Several immunoblotting methods for the diagnosis of H. pylori infection are available, but the Helicoblot test is probably the most studied (11) . The previous studies of the performance of the Helicoblot test in the diagnosis of an ongoing H. pylori infection have shown variable results. In children, the sensitivities of Helicoblot 2.0 (32, 34) and Helicoblot 2.1 (26, 28) varied between 95.5 and 100% and 80 and 98.6%, respectively, and the specificities between 85.7 and 88% and 87.1 and 100%, respectively. In adults, Helicoblot 2.1 showed sensitivities of 93.4 to 99% and specificities of 88 to 98% (12, 18, 25, 30, 44) . After eradication therapy, the seroreversion rates have been low, less than 10% (14) , and the current infection marker (CIM) has been shown to be unreliable (18) . The accuracy of Helicoblot 2.1 in determining the CagA or VacA status compared to that of the genotyping has been variable, and in many studies, the use of the test for this purpose has not been recommended (8, 15, 30) .
The aim of this study was to evaluate the performance of the commercial immunoblot Helicoblot 2.1 in a series of patients, both in the primary diagnosis of H. pylori infection and with follow-up data available for about 7 years after eradication therapy. We also evaluated the role of CagA antibodies in the diagnosis of a past H. pylori infection.
Helicoblot 2.1 was a sensitive and specific test in the primary diagnosis of H. pylori infection, especially in younger patients. It had a low discrimination value in the assessment of the success of H. pylori eradication therapy. Because H. pylori antibodies detected by Helicoblot 2.1, especially those to CagA, remained for years after successful eradication therapy, immunoblotting seemed to be the most sensitive method to detect a past H. pylori infection.
MATERIALS AND METHODS
Patients. During the 2-year period from 1 January 2004 to 31 December 2005, a total of 345 consecutive patients with at least one previous upper gastrointes-tinal endoscopy a median of 7.1 years earlier underwent gastroscopy, and 235 of the patients also gave serum samples. Of the 235 patients, 94 had no signs of a previous H. pylori infection either in history (no known eradication therapy ever), in a previous gastroscopy including histology (a median of 7.4 years earlier; report available for 78 patients), or in laboratory tests (results of previous diagnostic tests when available or the tests performed in the present study). An additional 84 H. pylori-negative patients had been successfully treated for H. pylori a median of 6.6 years earlier (the exact eradication date was unavailable for five patients). An ongoing H. pylori infection was verified by histology in 26 patients, and one additional patient with no H. pylori detected by histology had active gastritis and positive H. pylori culture and serology. Seven of these 27 patients had had unsuccessful eradication therapies earlier. In an additional 20 patients, a former H. pylori infection could not be excluded; 14 patients had severe corpus atrophy (grade 2 to 3 according to the updated Sydney classification), and 6 other patients had a history of duodenal ulcer (two had had gastric resection, and three had still-elevated H. pylori antibody levels). Although they had neither known H. pylori eradication therapy nor signs of a current H. pylori infection in histology, these particular 20 patients were excluded from the study. Ten more patients had elevated H. pylori antibodies (six in IgG class, and six in IgA class). They had neither known eradication therapy in their history nor signs of H. pylori infection in gastroscopies performed a median of 6.1 years earlier, but previous H. pylori infection and unintentional eradication of the infection could not be excluded. They were included in the study but assessed separately. Thus, the final study population consisted of 215 patients (158 females and 57 males; median age, 64 years). The patient characteristics in the different groups are presented in Table 1 .
All patients gave their written informed consent, and the study was approved by the local ethics committee.
Histology. During the gastroscopy of the present study, two biopsies were taken from both antrum and corpus for histology. Biopsies were stained with hematoxylin and eosin, Alcian blue (pH 2.5)-periodic acid-Schiff, and modified Giemsa stains and assessed according to the updated Sydney System by one experienced pathologist (P.S.) unaware of the identity of the samples (3).
Serum tests. The serum specimens of the 215 patients were stored at Ϫ20°C until examined. Both IgG and IgA antibodies to H. pylori were determined by an in-house enzyme immunoassay (EIA) method as described earlier (27) . The sensitivities and specificities compared to the histology results have been 99% and 93% for the IgG antibodies and 64% and 98% for IgA antibodies, respectively (27) .
The immunoblot test was performed, and the results were assessed by one laboratory assistant according to the manufacturer's instructions. The interpretation criteria for an H. pylori seropositive sample were as follows: (i) fulfilling the criteria for CagA positivity (namely, the presence of a 116-kDa CagA band in combination with CIM, with the 30-kDa UreA band and the 19.5-kDa band, or with the 89-kDa VacA band, the 37-kDa band, or the 35-kDa band); (ii) the presence of any of the bands at 89 kDa, 37 kDa, or 35 kDa; and (iii) the presence of both the bands at 30 kDa and 19.5 kDa. The intensity of the bands was graded with a naked eye from 1 to 3, grade 1 being defined as a very faint barely visible band.
RESULTS
The overall performance of Helicoblot 2.1 in patients with no known H. pylori infection, those with an ongoing H. pylori infection, those with a past H. pylori infection, and those with elevated H. pylori EIA-based antibody levels as the only marker of a possible previous infection is presented in Table 2 . Helicoblot 2.1 showed a high sensitivity, 100%, in patients with a current infection and a moderate sensitivity, 92%, for the detection of a past infection. If the presence of the 116-kDa (CagA) band alone had been regarded as a sign of seropositivity (against the criteria of the manufacturer), the sensitivity of the test for detecting a past infection would have been 89%. The specificity of the test was somewhat disappointing, as 20% of the patients with no known H. pylori infection gave falsepositive reactions. However, when this particular patient group was further subdivided according to age (Table 3) , the Helicoblot test results showed good specificity (96%) in the younger age group (Յ50 years); the only false-positive patient also had H. pylori antibodies of the IgG class near the upper limit (titer, 600) of the cutoff value (titer, 700 Table 4 . In 22 of the 53 patients (42%) for whom more than 5 years have passed since successful eradication, the CIM was still positive. The CagA antibodies sustained positive results in many patients even Ͼ10 years after eradication. The exclusion of the faint reactions to CagA antigen decreased the sensitivity of the immunoblot by 7 to 20% at all time intervals, and the proportion of the weak reactions did not increase with the time elapsed from the eradication date. Reactions to the VacA and UreA antigens decreased faster after eradication than those to the CagA antigen.
DISCUSSION
Helicoblot 2.1 showed high sensitivity in detecting H. pylori antibodies in all but one presently H. pylori-infected subjects and very high specificity (96%) in young patients (Յ50 years old). Thus, Helicoblot 2.1 could be used as a confirmatory test in controversial clinical situations. However, antibodies to the CIM band poorly differentiated the patients with past and ongoing infections, as half of the patients with successful eradication therapy showed a positive CIM band. The antibodies detected by the immunoblot persisted, in most cases, for years even after successful eradication therapy, which enables the detection of past infection in epidemiological studies.
The well-characterized patients with follow-up data available for years with no known H. pylori infection detected in either previous or present gastroscopy or laboratory tests and no known eradication therapy seemed to show a high prevalence of previous infections, according to the immunoblot analysis results. However, this was the case only in the older patients. Helicoblot 2.1 was actually very specific (96%) in the group of patients 50 years of age or younger. The prevalence of H. pylori infection is rapidly declining in Finland (33) and in other developed countries in young-age cohorts. As the positive predictive value of the test is strongly dependent on the prevalence of the disease, the proportion of false-positive test results relative to the true-positive results may be a problem with many of the noninvasive H. pylori tests (42) . Helicoblot 2.1 could be a confirmatory test for the discrepant results in the younger age group.
The interpretation of the false-positive Helicoblot 2.1 results in the age group older than 50 years is difficult. It is tempting to speculate that the false-positive test results could actually be because of remnants after a spontaneous disappearance of the infection. Another possibility is that, for some reason, Helicoblot 2.1 has low specificity in older age groups, an unresolved problem also contemplated previously (9) . Studies comparing the accuracy of the Helicoblot test with that of PCR methods in determining the CagA status have given discrepant results (15, 25, 30, 47) , and the reliability of the immunoblot test to verify the CagA status has actually been challenged (37) . In a study assessing the gastric histology, most patients with CagA- (100) 27 (100) 10 (100) a The intensity of the band was assessed by naked eye as faint if the band was barely visible.
b CagA positivity was determined according to the manufacturer's criteria (also, the faint bands are included). (16) . If these particular patients are at an increased risk for H. pylori infection, associated long-term sequelae remains to be studied. In our study, CagA antibodies indeed sustained for longer after successful eradication than did antibodies to other antigens, in accordance with some previous studies (18, 40) . The prevalence of CagA positivity, however, slightly declined with time, as the presence of antibodies to the other antigens, needed to fulfill the manufacturer's criteria for CagA positivity, declined more rapidly. Antibodies solely to the 116-kDa CagA antigen (not fulfilling the criteria for CagA seropositivity according to the manufacturer) were detected in 11 (5%) patients of the whole 215-patient study population, and 2 of them were known to have been previously infected with H. pylori. In studies assessing the impact of H. pylori infection on gastric cancer risk (6, 5, 10, 29, 35, 41, 48, 50) or on the development of atrophic gastritis (1, 4, 7, 24, 36) , the different definitions of the criteria for CagA positivity as a sign of a previous contact with H. pylori may give different risk estimations. In our study, among patients for whom it had been more than 5 years since successful H. pylori eradication, the positive EIA serology found only 18 (34%) of the 53 patients with verified past H. pylori infection, but the immunoblot detected 45 (85%) subjects, if CagA positivity according to the manufacturer's criteria were used, and even more, 47 (89%) subjects, if antibodies solely to CagA antigen had been considered; the specificities were 83% and 74%, respectively. This high sensitivity is in accordance with a previous study (30) , which, however, showed very low specificity when the interpretation criteria were changed. In our study, Helicoblot 2.1 had good sensitivity compared to that of EIA serology in detecting a past infection also when the manufacturer's criteria were followed.
It has been suggested that faint positive reactions to CagA antigen could be false positive (38) . However, in our study, the exclusion of patients with antibodies giving only faint reactions to CagA did not significantly increase the overall performance of the test. The specificity of the test only increased from 74% to 80% in patients with no known H. pylori infection, but in patients with previous H. pylori infection, the exclusion of faint bands dropped the sensitivity from 89% to 74%. The unreliability of the CIM band for differentiating ongoing and past H. pylori infections was in accordance with an earlier study showing positive CIM in 80% of patients 3 years after successful eradication therapy (18) . Furthermore, in our study, this could be confirmed in patients with substantially longer follow-up periods.
The heat shock protein (HSP) 58-kDa band (13, 46) has been associated with different gastroduodenal diseases, in particular, gastric atrophy (2, 20) . It has also been associated with intensity of chronic inflammation in the antrum (45) . In our study, antibodies to the 58-kDa antigen were present in 96% of the patients with no known previous H. pylori infection.
In conclusion, Helicoblot 2.1 seems to be a sensitive and specific test in the primary diagnosis of H. pylori infection, especially in younger patients. It has, however, a low discrimination value in the assessment of the success of H. pylori eradication therapy. Because H. pylori antibodies detected by Helicoblot 2.1, especially those to CagA, remain for years after successful eradication therapy, immunoblotting seems to be the most sensitive method to detect a past H. pylori infection. Future studies are needed to clarify the impact of Helicoblot 2.1 as a screening method to define the importance of a past H. pylori infection on the increased risk of gastric cancer or atrophic gastritis.
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